A study of the atomic weights referred to hydrogen as unity shows that for the series of elements from helium to fluorine the average deviation from a whole number is 0.09 units, which is smaller than would be expected if the atomic weights were wholly the result of accident. However, the average deviation for the first 27 elements (0.21) is almost as great as would be expected as the result of chance (0.25 units). This, on first sight, does not seem to accord well with the numerical form of Prout's hypothesis, that these atomic weights should be whole numbers. If now the atomic weights referred to oxygen are considered, the remarkable relation is found that the numbers are exceedingly close to whole numbers as a rule. In order to save space these relations may be considered in the form of the results of calculations of probability. The chance that the sum of the deviations from whole numbers for the 27 lighter elements should be as small as it is when hydrogen is taken as 1 is found to be one chance in ten, when the method used for the calculation is of the form known as De Moivre's problem, and when the probable errors in the atomic weights are taken into account. In contrast with this it is found that there is only about one chance in fifteen million that the sum of the deviations from whole numbers of the atomic weights on the oxygen basis should be as small as it is.
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This might seem to indicate that the atoms other than hydrogen are built up from units different from hydrogen and of a weight 1.000, while hydrogen has a weight 1.0078 (on the oxygen basis); but this would involve the existence of two kinds of particles with masses very nearly the same, and gives the additional difficulty that the atomic weights are not exact multiples of 1, which indicates that if the particle from which the atoms are built has a weight of nearly 1, this weight must vary somewhat from atom to atom. Attempts have been made to explain the discrepancy as the result of a variation in the number of negative electrons, but this method is neither in accord with recent theories of atomic structure, nor does it seem to agree with the fact that the atoms are neutral electrically.
If the assumption is made that the other atoms are hydrogen complexes, then it is found that in the formation of the complex there must result a change of weight which is in general negative in sign. The percentage decrease in weight may be called the packing effect, and the average value of this effect for the 27 lighter elements in 0.77%. The magnitude of this effect is nearly constant, as is shown by the value 0.77 for helium, while for the six elements from boron to sodium the packing effects are 0.77, 0.77, 0.70, 0.77, 0.77, and 0.77%. Since the value of the packing effect is -0.77% for oxygen, and this is the average packing effect of the 27 elements as well as the value of the effect for a considerable number of the different atoms, it is seen that the use of a whole number as the atomic weight of oxygen makes allowance for this effect and so gives to the other elements atomic weights which are whole numbers or very nearly whole numbers.
In order to determine a cause for this decrease in weight which must result if the other atoms are built up from the nuclei of hydrogen atoms as units, it will be well to consider if this effect may not be due to the overlapping of the fields of the charged particles which unite to form the nucleus of the complex atom. Recent work shows that this nucleus is extremely small. Rutherford, from data on the scattering of alpha particles in passing through thin gold leaf, has calculated the upper limit of the nucleus of the gold atom as 3.4X10-12 cm., and Darwin found the similar value for hydrogen to be about 0.8 X 10-13 cm., which is of the order of size of the negative electron as usually considered. If the gold nucleus is built up of hydrogen nuclei this would mean that it would contain about 197 hydrogen nuclei and 118 negative electrons in its extremely minute volume, if the idea of van den Broek and Moseley1 that the positive charge on the nucleus is equal to the atomic number is used for the calculation. Thus over 300 particles would be contained in a volume which according to Rutherford's calculation has a radius of only 3.4 X 10-12 cm. as its upper limit of value. It must be emphasized that in this paper only the electrons contained in the nucleus of the atom are the ones which are considered, and that the distance of the external electrons, sometimes considered as of the order of the assumed radius of the atom as about cm., has absolutely nothing to do with the packing effect.
The simplest case for an actual nucleus which could be calculated, is that of helium, which may be assumed to contain four positive particles and two negative electrons.' However, the arrangement of these particles is not known, so the solution will be given for the case of a single positive and a single negative electron. That If a weight of 4 is added for each increase of 2 in the atomic number, then the average increase of the atomic weight per atomic number should be 2, and that this is in accord with the facts is shown by the atomic weights of neon and calcium. These elements have the atomic numbers 10 and 20, and the atomic weights, 10 X 2 = 20, and 20 X 2 = 40. The equation8 which gives the atomic weights of the lighter elements is W = 2n + 4 + ½ (-1)-l1, where n is the atomic number.
In order to include the heavier elements it is necessary to insert another term, the meaning of which will be considered in a later paper, to account for the tendency of the increment of weight to become greater as the atomic weight increases, as follows: W = 2 (n + n') + 1 + 4 (-1)x1. For the elements from helium to iron the average value of the packing effect is 0.78 units, which is, so far as the accuracy of the atomic weights allows us to determine, the same as the decrease in weight which would occur if four hydrogen atoms were to be transformed into one of helium. This means that if any element of higher atomic weight is built up entirely of helium atoms, then, on the average, the decrease in mass is practically entirely due to the primary formation of the helium atoms, and not at all to the aggregation of these into the heavier atoms. From this point of view an atom composed entirely of helium units would have extreme instability in relation to its disintegration into helium units, in comparison with its instability with reference to a hydrogen decomposition. Such an atom in a radioactive transformation should lose alpha particles very much more readily than hydrogen nuclei, in fact, if it is remembered that even the alpha decomposition does not occur appreciably for many of the known elements, it will be seen that it is doubtful if such an atom would ever give a detectable hydrogen disintegration.
If the elements of higher atomic weight are built up exactly according to the special system presented in the table, according to which the members of the even numbered groups are in general aggregates of helium alone, then since all of the radioactive elements which are now known to give a simple alpha disintegration, belong to even numbered groups, they could not be expected to give hydrogen upon disintegration. Thus one of the chief objections to the theory that the atoms are hydrogen complexes, which is based on the fact that up to the present time no hydrogen has been detected as the product of any radioactive change, is seen to be not contrary to, but rather in accord with the theory as here presented. However, the value of this idea is lessened by the fact that there is no evidence that the exact relations between the composition of the odd and even groups as found for the elements of smaller atomic weight hold so far into the system as the radioactive elements. The general form of the system indicates at least that the heavy atoms contain more helium than independent hydrogen units, and this seems in accord with the fact that uranium loses alpha particles in eight steps without any apparent loss of a hydrogen nucleus.
The stability with which the hydrogen nuclei which are not contained in helium groups, but which generally occur in threes (H3 in the 
